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and tend to accumulate in living organisms, which will lead to ecological and human 5 health damage. Obviously, heavy metal ions should be removed from waste water 6 prior to discharge them into the environment. Up to now, a variety of methods, such 7 as chemical precipitation, electro dialysis, ion exchange, and membrane separation, 8 have been explored to remove the toxic heavy metal ions from aqueous solutions by-product sludge and secondary pollution. Therefore, it is necessary to develop more 2010), bio-sorption is one of the most promising method as compared to others, since 16 it was handy, economic, and high-efficiency under low metal concentrations, which is 17 important for deep purification of waste water. Thus, an adsorbent with low-cost and 18 high-effective derived from an abundant and sustainable material in the nature is 19 needed.
21
Biomass materials, such as cellulose, hemicelluloses, lignin, bacteria, fungi, Lignin, the second most abundant renewable material, which is next to cellulose in The lignin was activated by an improved phenolation process prior to 
Chemosynthesis of lignin-based biosorbent

18
The ammonization and sulfuration of lignin (SAPL, SAL) were obtained through (Table S1) lignin-based biosorbent was listed in Table S1 . 
Characterizations
12
In this study, elemental analysis (C, H, N and S) of the lignins was measured by PE 13 2400 II. NMR spectra ( 1 H, 13 C, 2D-HSQC, and 31 P NMR spectra) were performed on To investigate the reusability of SAPL-1.5, regeneration experiment was conducted 22 in the current study. In brief, the metallic-loaded SAPL-1.5 was transferred into 0. should be noted that the content of H-type OH was increased from 0.68 (L) to 3.14 7 mmol/g (PL), suggesting that the phenol was successfully grafted onto lignin.
8
Especially, the results showed that the content of active sites in PL was three times 9 higher than those in L. Therefore, it could be concluded that the chemical reactivity of of the lignin rather than aromatic rings in the present study.
6
In the 1 H NMR spectrum of phenolated lignin, large amplification of the peak To further investigate the mechanism of the chemical modification of lignin, 13 C
21
NMR spectra of lignins and its derivatives (L, PL, and SAPL-1.5) were performed, Elemental analysis (Table 2) 15 
Adsorption of Pb (II)
Effect of the initial pH
16
The initial pH value of metal ions aqueous solution is a critical factor in influencing which could affect the adsorption process and reduced the adsorption capacity.
8
Actually, the Pb (II) adsorption process was divided into three stages based on the In detail, precipitation or hydrolyses began to appear as the pH was higher than 6.0, The zeta potential of lignin is also an important parameter to evaluate the 17 absorbability. As shown in Figure 4b , the zeta potential decreased with the increase of 
Effect of SAPL-1.5 dosages 6
In this study, the effect of SAPL-1.5 dosages on the adsorption capacity and in Figure 5 . In low dosages, it showed the high adsorption capacity, which was mainly 10 due to the increased ratio of the adsorbent to metal ions. However, it was observed 
Effect of initial lead concentration
22
To evaluate the adsorption capacity of SPAL-1.5 for lead ions, adsorption isotherms of other lignins presented in Table 3 . The reason for the elevated adsorption capacity two isotherm models has be described in supporting information (Formula S1 and S2).
14 As shown in Figure 6b and Table 4 , the adsorption capacity for Pb (II) is in good In this study, the adsorption kinetics was examined through the calculation of Das, N., 2010. Recovery of precious metals through biosorption-a review.
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